CCK-8 significantly increased amylase and bile acid outputs in CCK-A receptor (ϩ/ϩ) and (ϩ/Ϫ) mice, whereas no response was observed in (Ϫ/Ϫ) mice. Neuromedin C and acetylcholine increased amylase secretion in CCK-A receptor (Ϫ/Ϫ) mice similar to (ϩ/Ϫ) and (ϩ/ϩ) mice. The same doses of neuromedin C and acetylcholine could not increase bile acid secretion. The gallbladder smooth muscles, pancreatic acinar cells, duct cells, and islets were stained by LacZ. CCK and CCK-A receptor are important for pancreatic secretion and gallbladder contraction. Neuromedin C and acetylcholine may compensate pancreatic function, but not gallbladder contraction. [Japanese Journal of Physiology, 51, [585] [586] [587] [588] [589] [590] 2001] choline (ACh), and partially to secretin, but no response was observed to CCK when contributions of gallbladder contraction and gastric acid were excluded by ligations of cystic duct and pylorus [8] .
Because gallbladder and pancreas have identical CCK-AR subtypes in guinea pigs [10] , in the present study the responses of gallbladder contraction and pancreatic amylase secretion were compared in CCK-AR (ϩ/ϩ), (ϩ/Ϫ), and (Ϫ/Ϫ) mice. We examined the effects of CCK, neuromedin C, and ACh because these agents have been reported to induce amylase secretion from pancreatic acinar cells and gallbladder contraction in various species [11] [12] [13] . Since it is difficult to collect bile and pancreatic juice separately in mice as we have previously done in conscious rats [14, 15] , a combined mixture of bile and pancreatic juice was collected [16] . The bile acid output and amylase output were used as parameters of gallbladder contraction and pancreatic exocrine function, respectively.
METHODS

Materials and chemicals.
Synthetic CCK-octapeptide sulfated form (CCK) and neuromedin C were purchased from the Peptide Institute, Osaka, Japan. Acetyl-␤-methylcholine (ACh), and 3␣-hydroxysteroid dehydrogenase were purchased from Sigma Chemicals (St. Louis, MO) and Worthington Biochemical Corp. (Freehold, NJ), respectively.
Animals. Age-matched littermates (5-8 months old) were used for experiments. The mice were given commercial chow (CRF-1; Oriental, Tokyo).
Collection of bile and pancreatic secretion in vivo. After an overnight fasting, the mice were anesthetized by an intraperitoneal injection of urethane (1.25 g/kg body weight). Polyethylene tubing (PE-10; 0.28 mm inside diameter ϫ 0.61 mm outside diameter) was inserted into the common bile duct at the ampulla of Vater, and the bile and pancreatic juice were collected together at 30-min periods [16] . After collection for 1 h, 0.5 and 1.0 nmol/kg of CCK, 1.0 mol/kg of neuromedin C, and 500 nmol/kg of ACh were injected subcutaneously, and secretion was collected for an additional 1 h. The volume of bile and pancreatic juice was measured by using a Hamilton microsyringe. The response of bile acid output reflects gallbladder contraction and that of amylase output reflects pancreatic secretion.
Assays. Amylase activities were measured by using a blue starch polymer as a substrate, and the porcine amylase (884 U/mg protein; Worthington Biochemical Corp., Freehold, NJ) was used as a standard.
The total bile acid concentration was measured enzymatically by using 3␣-hydroxysteroid dehydrogenase [17] .
Statistical analysis. Values are expressed as meansϮSE. The significance of differences was assessed by multiple analysis of variance (MANOVA) with repeated measures with respect to time and genotypes, followed by Newman-Keul's multiple comparison test. A value of pϽ0.05 was considered statistically significant.
LacZ staining of the tissue sections. Male CCK-AR (ϩ/Ϫ) mice at 10 weeks of age were fixed Japanese Journal of Physiology Vol. 51, No. 5, 2001
S. SUZUKI et al. with 1% paraformaldehyde through circulation. The pancreas and gallbladder were then removed, frozen, sectioned, and stained with LacZ.
RESULTS
Gallbladder contraction and pancreatic secretion
In CCK-AR (ϩ/ϩ) and (ϩ/Ϫ) mice, the administration of CCK at a dose of 0.5 or 1.0 nmol/kg resulted in a significant increase in fluid, amylase, and bile acid outputs over the subsequent 30 min, followed by a return of these outputs to the basal level. A larger dose (1.0 nmol/kg) produced larger responses in CCK-AR (ϩ/ϩ) and (ϩ/Ϫ) mice (data not shown). No increase was observed in CCK-AR (Ϫ/Ϫ) mice. The results of the administration of 1.0 nmol/kg CCK are shown in Fig. 1 . There were no significant genotypic differences between CCK-AR (ϩ/ϩ) and (ϩ/Ϫ) mice with respect to any of parameters studied (see legend to Fig. 1 for the respective F values and significant differences by the multiple comparison test). The fluid and bile acid outputs 30 min before stimulation were comparable for all genotypes. The amylase output 30 min before stimulation tended to be lower in CCK-AR (Ϫ/Ϫ) than in (ϩ/ϩ) or (ϩ/Ϫ) mice, but the difference was not statistically significant by the multiple comparison test (Fig. 1) .
CCK-A Receptor and Bile-Pancreatic Secretion Both neuromedin C and ACh produced significant increases in the volume of bile-pancreatic juice in all genotypes (Figs. 2 and 3) . Amylase concentration and its output were significantly increased by these treatments, but bile acid output was not significantly increased in any of the genotypes. These responses were not significantly different with respect to genotypes.
Localization of the CCK-AR in the pancreas and gallbladder
By means of lacZ gene trapping, we were able to construct a detailed map of CCK-AR in the pancreas and gallbladder. The lacZ expression was detected in most acinar cells, islets, and ductal cells of the pancreas and in a portion of smooth muscle cells of the gallbladder in CCK-AR (ϩ/Ϫ) mice (Fig. 4) .
DISCUSSION
CCK increased amylase and bile acid outputs in CCK-AR (ϩ/ϩ) and (ϩ/Ϫ) mice, but it did not affect those in CCK-AR (Ϫ/Ϫ) mice. These results were compatible with those of LacZ staining. LacZ expression was detected in most acinar cells, islets, and ductal cells of the pancreas and in some of the smooth muscle cells of the gallbladder in CCK-AR (ϩ/Ϫ) mice.
Although amylase secretion did not respond to CCK in CCK-AR (Ϫ/Ϫ) mice, the pancreata of these mice responded to neuromedin C and ACh, as much as in CCK-AR (ϩ/Ϫ) and (ϩ/ϩ) mice. This result indicates that functions of receptors for the gastrin-releasing peptide family (for neuromedin C) and muscarine receptor 3 (for ACh) in the pancreatic acinar cells were intact in CCK-AR (Ϫ/Ϫ) mice.
The administration of neuromedin C and ACh, which produced amylase secretion, failed to increase bile acid output (in other words, failed to induce gallbladder contraction) in all genotypes. Although ACh has been reported to be the final mediator of gallbladder contraction produced by CCK in guinea pigs [13] , in the present study the systemic administration of ACh did not induce significant gallbladder contraction. Taken together, it is concluded that the sensitivity of gallbladder to neuromedin C and to ACh is lower than that of pancreas in mice. The expressions of these receptors might have been lower in gallbladder than in pancreas, although we did not determine them.
Interspecies differences in the gene expression and/or protein distribution of CCK-AR and BR have been reported [4, 18] . CCK-AR is rich in the pancreas of rats, mice, and guinea pigs [4, 19] , and pancreatic protein secretion is fully responsible for CCK in these animals. However, a disruption of the CCK-AR gene showed no serious changes in the pancreas except for no response to CCK [8] . Other stimulants such as neuromedin C and ACh might have compensated the lack of CCK function. On the other hand, the gallbladder had lower sensitivity to neuromedin C and ACh because it did not respond to these stimulants when administered. We did not examine the effect of another stimulant, motilin, on gallbladder contraction [20] . However, we have recently observed higher incidences of gallstone and sludge formation in CCK-AR (Ϫ/Ϫ) mice, compared with CCK-AR (ϩ/ϩ)(ϩ/Ϫ) mice [21] . Therefore CCK and CCK-AR are important for both pancreatic secretion and gallbladder contraction, and the lack of CCK-AR gene and its function reveals a more serious effect on gallbladder function than on pancreatic function.
